The effects of some hormones on osteogenesis.-In order to make clear the subsequent discussion I will first review briefly the main steps in the formation of bone.
In endochondral bone formation, there is first proliferation of cartilage ceLs with an increase in intercellular substance and an arrangement of the cells in order. This is followed by calcification of the intercellular substance and the breaking through of blood-vessels into the areas containing the cartilage cells. Osteoid tissue is then laid down by the osteoblasts on to the surface of the calcified areas and into this osteoid is later deposited calcium and phosphorus complex.
Membranous bone is formed directly from a specialized tissue without preceding cartilaginous phase, and for the purpose of discussion this term as suggested by Fuller Albright will also be used to include periosteal bone.
I will use the term endosteal bone formation for bone laid down in the cortex and trabeculi of bones which occurs both during skeletal growth and throughout adult life, and I would like to point out that the final stages in all varieties of bone formation are essentially the same, namely the formation of bony matrix by the osteoblasts and the deposition of calcium and phosphorus in this matrix.
This definition of osteogenesis is, of course, over-simplified, but I have used it so as to be able to demonstrate the selective effect of some hormones on the different phases of osteogenesis. It will also be clear that the formation of bone, namely the formation of osteoid can be separated from calcification of this osteoid and this allows us to adopt a classification which may clarify the essential differences in three types of disease which are characterized by a deficiency of calcified bone. Thus, osteoporosis is used to designate any condition in which there is a decrease of bone due to a failure of osteoblastic activity and an insufficient quantity of osteoid formation. Such osteoid tissue as may be formed is normally calcified. Such a condition would not arise from a disturbance of calcium and phosphorus metabolism but from a true disturbance of bone growth. In such conditions, therefore, the serum calcium and phosphorus levels and the alkaline phosphatase are normal.
In the condition of osteomalacia, which arises as a result of a disturbance of calcium and phosphorus metabolism the bone is softer than normal owing to the failure of mineralization and this results in excessive osteoblastic activity. In contrast, therefore, to osteoporosis there is an excessive quantity of osteoid tissue elaborated and a deficient deposition of calcium and phosphorus in this matrix. The serum calcium and phosphorus vary with the severity of the condition but the phosphorus level is usually depressed and the alkaline phosphatase in the blood invariably increased.
In conditions of osteitis fibrosa generalisata, most commonly the result of hyperparathyroidism there is excessive resorption of bone which is accompanied by excessive osteoblastic activity. As a result of the over-action of the parathormone and the osteoblastic response to the bone resorption, there is a high serum calcium, a low serum phosphorus, and a high alkaline phosphatase. The Effects of the Growth Hormone on Osteogenesis I do not propose to discuss the evidence on which the identity of the growth hormone is established but to review briefly the clinical manifestations of alterations in the production of the growth hormone from the anterior lobe of the pituitary. It is difficult, of course, in many cases to distinguish the effects directly as the issue is often clouded by interference with the elaboration of other hormones at the same time. Nevertheless some clear-cut deductions emerge as a result of this study.
The failure of growth hormone production can occur as a result of pituitary destruction. As an example here is a patient with a suprasellar cyst. Symptoms date from the age of 5; she is now 16 years old and is the size of a child of 7 or 8. The X-rays show a bone age of 9 and the epiphyses are all open but the bones otherwise would appear quite normal for the age of 9 and there is no suggestion of osteoporosis. The 17-ketosteroid excretion is in the normal range for a preadolescent child. There has been a failure of epiphyseal growth but endosteal replacement has not suffered.
There is another condition of dwarfism which is associated with anterior lobe failure. This is commonly called panhypopituitarism. In such cases all functions of the anterior NOv.-MED. 1 lobe are deficient. UJntreated, such patients grow at a very slow rate but growth persists indefinitely since they do not reach complete sexual or skeletal maturity. Under treatment with testosterone and thyroid, growth may be markedly accelerated provided overenthusiastic use of testosterone does not lead to epiphyseal closure. Over-dosage, however, does not lead to excessive bone formation and the effect of the treatment is shown almost entirely in epiphyseal growth, that is endochondral bone formation, and may be akin to the effect seen in animals in whom after hypophysectomy, treatment with testosterone prevents the cessation of bone growth and enhances the action of injected growth hormone. The syndromes produced as a result of increased growth hormone production occur with eosinophilic hyperplasia or neoplasia of the anterior lobe. Acromegaly occurs when this process begins after skeletal maturity. The osseous manifestations are produced by an excessive periosteal bono formation but in certain sites further endochondral bone is stimulated. The cartilaginous end-plates of the vertebra start to undergo hyperplasia and this, together with periosteal bone formation, produces the remarkable changes in the vertebre which seem to be always most marked in the region of the lower thoracic vertebra.
Gigantism results when the disease begins before skeletal maturity but the stimulation of endochrondral and periosteal bone is uniform and disproportion is not evident as in the restricted response of acromegaly. Growth can proceed indefinitely if epiphyseal closure does not occur.
It is clear that in the early stages of gigantism, before pituitary function is completely disorganized the changes of puberty may occur. If this should happen the features of pure gigantism will be clouded by a superimposition of acromegalic features, once epiphyseal closure has occurred in the long bones under the influence of puberty.
Lastly I would like to draw attention to a syndrome which has received little attention. It has no name and I will therefore refer to it as adolescent gigantism. Sometimes there is evidence of a pituitary tumour and sometimes not. Growth occurs rapidly for a short and limited time but usually ceases before the condition can reasonably be termed gigantism. Commonly sexual maturity fails to develop but often failure is incomplete. In man such a syndrome is commonly overlooked and appears to be compatible with reasonable health at least for many years until revealed later in life by complaints of maldevelopment, impotence or infertility. Further examination often shows, however, signs suggestive of pituitary failure. The testes are usually atrophic and show lack of spermatogenesis. Anmmia, though often mild, is intractable, and cardiac disease may later supervene and prove fatal, frequently with arrhythmia, often auricular flutter. Union of epiphyses in the long bones is often delayed but eventually occurs.
In view of the identity of these cases whether evidence of pituitary enlargement is demonstrated or not it seems reasonable to suppose that they represent a comparatively transient phase of eosinophilic adenomatous enlargement of the anterior lobe and the ultimate fate of such a patient is dependent on the degree of pituitary destruction which may occur during this time. Many such cases seem to masquerade later in life under the titles, in bad cases, of chromophobe adenoma, or in milder cases of Klinefelter's syndrome.
I have not seen in such patients evidence of osteoporosis in contrast with many cases of acromegaly who eventually show decalcification of the skeleton.
The osseous manifestations of these diseases show that in man the growth hormone has a stimulating effect on both endochondral and membranous, including periosteal, bone formation. There is little to suggest a direct effect on endosteal bone. The decalcification sometimes seen in acromegaly is at present unexplained. The inconstancy of its appearance, together with its absence in conditions of lack of growth hormone would suggest that it is associated with some indirect effect and related to other forms of osteoporosis which I will discuss later.
The Effect of the Sex Hormones on Osteogenesis
The skeletal effects of the testis hormone are well known and the failure of physical development as well as sexual development in eunuchs does not need elaboration here.
Since the use of testosterone, however, it has been possible to demonstrate conclusively its metabolic as well as its sex functions. I have already referred to the effects of testosterone in panhypopituitarism and the effects on bone growth in hypophysectomized animals, but at this point I would like to make it clear that such changes are not isolated but occur in association with somatic growth generally, and the development of a positive balance, not only of calcium and phosphorus, but in'particular of nitrogen. These effects of testosterone are exerted in all tissues and growth is accelerated. Such growth includes epiphyseal growth and also endosteal and probably periosteal bone growth, but unlike the effects of the growth hormone the response is limited and uniform and excessive bony response cannot be produced.
The effects of the cestrogens on the bones seem to be similar to testosterone but the cestrogens lack the somatic effects and the available data is far from conclusive.
Considerable work in this field has been stimulated by the demonstrations of the remarkable effects of cestrogens on the skeleton of birds and mice. It appears probable that such experiments may help to elucidate the peculiarities of the skeletal distribution of bony abnormality since the same oestrogen may produce dissolution of one bone and yet proliferation in another bone. The excessive skeletal growth in girls in association with granulosa-celled tumours of the ovary and the stimulation of growth sometimes seen in cases of ovarian agenesia under the influence of cestrogens suggest that the cestrogen itself may have a direct stimulating effect on epiphyseal growth. This, however, is not certain as it is impossible to prove at present that such effects are direct and are not mediated through secondary adrenal response. This latter effect has received some experimental support and further indirect support as we shall see in the discussion of the effects of the adrenal cortex on bone formation.
There is no doubt that cestradiol can affect the calcium balance and has been shown to reverse the negative balance in post-menopausal osteoporosis and in osteoporosis with Cushing's syndrome. Such change was produced without any appreciable effect on nitrogen metabolism.
(Estrogens can therefore undoubtedly influence the calcium balance and appear to influence endosteal bone growth. They may stimulate endochondral bone but like testosterone are not capable of producing excessive bone growth.
The Effects of the Adrenal Cortex on Osteogenesis
There is no doubt that the adrenal cortex profoundly influences bone growth but it is difficult to elucidate these effects from a gland as complex in its functions and which appears able to produce contrary actions.
I do not propose to discuss adrenal function and I will have to assume the acceptance of the conception of two main actions of the cortex through two groups of hormones, one of which has an androgen-like and the other a corticosterone-like action.
The adrenogenital syndrome is a demonstration of the androgenic action of the adrenal cortex. Children with this syndrome show rapid skeletal growth which is terminated early by the effect on the epiphyses and their early closure, frequently resulting in deficient height. Once epiphyseal closure is complete bone growth ceases and excessive bone is not produced.
Indeed in the adult who develops this syndrome no bony change is seen. The children may show some slight growth in height after long bone epiphyses have shut and this is due to vertebral growth which may persist for many years.
This acceleration of endochondral growth and lack of excessive endosteal or periosteal bone closely resemble the effects produced by testosterone and it is in this syndrome that the excretion of 17-ketosteroids in the urine is always markedly increased.
The primary disturbance in Cushing's syndrome is still a matter of argument but there is no doubt that there is a gross derangement of the adrenal cortical function. The urinary excretion of 17-ketosteroids may be somewhat increased but this is inconstant and seldom of any magnitude. The excretion of corticosteroid substances is always increased and often remarkably so, both by biological and chemical assay.
In Cushing's syndrome in contrast with the adrenogenital syndrome, bone growth is remarkably retarded and epiphyseal growth may cease altogether. In addition there develops a remarkable thinning of the spine and often of the pelvis. The structure of such bone shows a failure of osteoblastic activity, the condition of osteoporosis.
From the experimental observation that both corticosteroid-like substances and the adrenocorticotrophic hormone can prevent bone growth in animals, and indeed can abolish the effects of injected growth hormone, it seemed reasonable to assume that the bone disorder in Cushing's syndrome might be brought about by an excessive production of corticosteroid substances which we know to be occurring. This effect is in direct contrast to the action of the sex hormones and is thrown into contrast even more by the persistent negativity of the nitrogen balance, independent of the nitrogen intake. This effect can only be overcome by a gross excess of testosterone.
With this osteoporosis the calcium and phosphorus in the blood are normal and the alkaline phosphatase is usually stated to be normal. Such findings are usual in osteoporosis. In Cushing's syndrome, however, it is not invariably true and in the patient I have chosen to illustrate this disease a high alkaline phosphatase was constantly found during the time the vertebra were markedly deteriorating.
Osteoporosis in the spine and pelvis are the bony features of this disease and appear to be explained by an excessive production of corticosteroid-like hormones from the adrenal cortex. These substances interfere with, or prevent, osteoblastic activity as part of the general interference with tissue anabolism and in consequence no bony matrix is formed. This process is especially marked in the spine and pelvis and growth of the epiphysis is also inhibited. If therefore it is accepted that these changes in Cushing's syndrome are the result of over-production of corticosteroid products the adrenal is capable of inhibiting both endochondral and endosteal bone formation.
Senile Osteoporosis
Osteoporosis in man occurs in a variety of conditions. I have already considered Cushing's syndrome and I will not now say anything about disuse atrophy, extreme senility, or chronic inanition. I would like to discuss briefly the changes which are still called senile osteoporosis, although in many such patients their general condition and actual age belie such description. I think under this title three conditions can be distinguished: (1) Menopausal or postmenopausal osteoporosis; (2) pre-senile osteoporosis; (3) an idiopathic group at present quite unexplained.
The first two conditions have many similarities but I have separated the post-menopausal cases as this condition is for obvious reasons better defined in women and seems to be an exaggeration of the normal post-menopausal state. A lack of oestrogen is present and the decline in 17-ketosteroid excretion with increasing years would suggest a decline in the production of androgenic substances.
It seemed probable that the failure of sex hormone production both gonadal and adrenal might be a precipitating factor in the failure of osteoblastic activity. The administration of both cestradiol and testosterone has confirmed this impression, both in post-menopausal and pre-senile osteoporosis in men. Both compounds can make the calcium balance positive but the combined use is more effective than the sum of the two separately. The use of cestradiol alone appears not to influence the nitrogen but testosterone profoundly affects it and will produce a positive nitrogen balance with increase in weight and strength. It is not yet clear how much change will be produced eventually in the vertebral column by this therapy but the immediate results have been very satisfactory and it remains to be seen how much radiological change will be evidenced in the years to come.
Dr. James F. Brailsford: tThe scope indicated by the title of this Discussion is a wide one.
Unfortunately the time allowed will not permit me to deal comprehensively with any of the groups into which I have classified the diseases, The classification I have adopted is as follows:
(1) Generalized changes in bones due to dysplasias and dystrophies of the skeleton. These are essentially laid down in foetal or infantile life in varying degrees of severity. Some at one end of the scale are incompatible with a separate existence, others of much less severity permit of apparently normal life, even to old age, and then perhaps are only discovered by radiography during investigation for fracture, &c. These are few and far between and of importance only in the differential diagnosis; they include certain cases of osteogenesis imperfecta (Brailsford, 1943) and Albers-Sch6nberg's disease.
(2) Generalized bone changes associated with defects in other systems. These include renal and gastro-intestinal osteodystrophies and such conditions as von Recklinghausen's neurofibromatosis. The adult members of this group are usually known to have carried the disorder from earlier years.
(3) Generalized bone changes associated with deficiencies, endocrine and blood disorders such as osteomalacia, hyperparathyroidism, leukmemia and anaemia. These, as well as those in the succeeding groups (4) and (5), are the most important and most common conditions. They appear to be initiated in adult life and produce generalized changes in the skeleton which was formerly apparently normal.
(4) Those generalized diseases of bones which represent the terminal stage of diseases, which throughout the major part of their course have appeared as localized conditions and failed to respond favourably to any form of treatment administered. They include Paget's disease, syphilis, the solitary and the endothelial myeloma (Ewing's tumour) and carcinoma.
(5) Those generalized diseases of the bones which are associated with general progressive clinical deterioration. These conditions are often associated with long latent negative radiographic periods so that radiographs for many months may fail to show any changes in the bones and even when the changes do appear they may not be distinctive. These conditions are often classified under the title of senile osteoporosis of bones but more careful examination may permit of the recognition of myelomatosis, carcinomatosis or some serious disturbance of metabolism or endocrines.
Generalized diseases of the bones can be indicated by radiographs of any and every part ofthe skeleton; consequently radiographs ofthe hand are the best for obtaining indication of generalization. Because of the intimate contact between the radiographic film and the bones of the hand the detail of the bony structure is sharp and clearly defined. As a student I was impressed with Wood Jones's "The Principles of Anatomy as Seen in the Hand" and I suggest that a companion volume "The Pathology of the Skeleton as Seen in the Bones of the Hand" could be of equal value.
Radiographically we may consider these conditions of the adult skeleton under two main distinctive radiographic features, i.e. (1) diminished density of the bone-decalcification, and (2) increased density of the bone-osteoplasticity or osteosclerosis; though some 738 92 of the conditions show phases in which the bones exhibit first one and then the other type of reaction.
Decalcification Osteoporosis, &c.-The most important in the radiographic diagnosis is that found in hyperparathyroidism. It has been claimed by certain workers (Snapper, 1943) that in more than half of the patients with hyperparathyroidism the predominant symptoms originate from the urinary tract and that the biochemical syndrome of the disease has been detected when the X-rays of the skeleton showed completely normal findings-Albright recorded that "in 15 of 35 consecutive cases of hyperparathyroidism no radiographic changes could be found-the symptomatology of these cases was exclusively renal in character". Yet in the cases of hyperparathyroidism submitted to me which have remained unsuspected though previously subjected to considerable clinical investigation, in some cases for three or four years, the radiographs have shown the typical distinctive evidence of the disease. Consequently I regard the radiographic diagnosis of hyperparathyroidism as of great importance. The diagnosis of hyperparathyroidism was not made for the average of 4-8 years from the onset of symptoms in some 49 cases recorded in the literature. This is very important because it was often not made until the destructive bone changes had resulted in multiple deformities due to fractures and abnormal plasticity of the bone, which could not be corrected even though the causal parathyroid tumour was removed. Early diagnosis and treatment permit the skeleton to return to the normal and avoid crippling deformities. Another reason for the delay has been the belief that the characteristic radiographic feature was osteitis fibrosa cystica-a condition which may not be seen in some cases in the early years. This belief has also been responsible for a large number of erroneous interpretations of the radiographic features.
Radiographs showing localized expansion of bone with obliteration of their normal cancellous structure-the conditions now referred to as polycystic dysplasia or polyostotic fibrous dysplasia-have been interpreted as examples of hyperparathyroidism. Histological evidence of osteitis fibrosa cystica, though this is but a type of reaction found in a number of different conditions, has been sought and obtained in some cases before surgical search for a parathyroid tumour which it was thought to indicate. Fortunately the radiographic appearances of the dysplasias are characteristic and their recognition should obviate such surgical explorations. The chief distinctive feature of these dysplasias as shown in the bones of the hand is the localization of the aberrant tissue in a segment of bone which was otherwise normal in size, structure and density. On the other hand the cystic conditions of the bone which may be present in hyperparathyroidism are associated with generalized osteoporosis; further, such lesions are usually multiple and do not show the tendency to unilateral distribution which is seen in the dysplasias. Because in hyperparathyroidism every part of the skeleton shows osteoporosis of a characteristic nature there is no need, as we too often see, for radiographic examination of the whole skeleton.
Radiographs of the hands in hyperparathyroidism show general decalcification of the bones: the phalanges are without compact tissue, the periphery showing in part the crenated surface of the cancellous tissue. The terminal phalanges in particular show a great degree of decalcification, the terminal tuft may be almost invisible. One or more of the bones may show one or more small areas of cancellous destruction-the representative of the "cysts" or giant-cell tumours in the larger bones. The bones of the forearm also show lack of compact tissue and a characteristic stippled osteoporosis, with areas from which the cancellous pattern has been wiped out. There is no other condition which presents these characteristic features in combination. True, in certain grave cases of socalled renal osteodystrophia there is a near approach but in these cases the parathyroids are probably responsible, for it is found that they show general hypertrophy. The long clinical history, in particular the continued prominent evidence of renal insufficiency, assists the differentiation. A lateral radiograph of the skull would also help, for though in the old-standing renal osteodystrophy, the skull may show the features of irregular ossification and calcification, the relatively recent case of hyperparathyroidism due to tumour would show a fine stippled osteoporosis with obliteration of the outline of much of the outer table.
Radiographs of the pelvis or long bones show in addition to the general osteoporosis large areas within which all the detail of cancellous structure has been wiped out with attenuation of the compact tissue to linear dimensions. In some cases the "cysts" are more clearly defined and expanded beyond the normal. With removal of the responsible parathyroid tumour the long bones recalcify and become of normal structure except in the larger cystic areas. These may retain a multilocular cystic appearance; one or more may become densely calcified. It used to be claimed that the radiographic features of hyperparathyroidism and Paget's disease were indistinguishable, but I trust that this belief no longer prevails, for the essential features of Paget's disease, even after a duration of twenty or more years, is its localization to certain bones of the skeleton. The radiograph of the hand, even in cases exhibiting the characteristic features of Paget bone throughout the skull, spine, and the large proximal bones of the extremities, may show all the bones of the hand to be normal, or one or two small bones may show the characteristic Paget bone throughout. I have classified (Brailsford, 1938) the radiographic features of Paget's disease into three types: (1) Osteoporotic; (2) Osteoplastic; and (3) Lithocystic.
Distinctive from the fine stippling of the skull in hyperparathyroidism, in Paget's disease there may be the conditions of osteoporosis circumscripta or a localized area of the skull may show thickening of the pericranium, an osteoid development which contains multiple ill-defined deposits of greater density resembling pledgets of cotton-wool. The affected area of the skull may become an inch or more in thickness. Later the periphery of this thickened pericranial tissue and even the dura may show the density and appearance of ossification.
The Paget lesions in the long bones may begin with the appearances of a gradual deposition of calcium which obliterates the detail of the cancellous structure converting it into a so-called "ivory" bone of uniform density, but at the expense of increased fragility. Later the affected bone may show osteoporosis. When fracture occurs this osteoporosis becomes the noticeable feature. In other cases the lesion begins, as I (Brailsford, 1938) have shown, in a superficial lanceolate area of decalcification which gradually spreads along the bone in a very characteristic fashion; it produces what I have described as the V-shaped thrust of the Paget bone into the normal. The appearances can be illustrated by partially tearing the wrapper from a tightly covered journal, the end of the tear has the shape of a V. Such appearances suggest that the periosteum resists the progressive expansion of the Paget bone for a time, but eventually it yields, and strips in this fashion from the adjacent normal bone. The line of demarcation is clearly defined, the Paget side showing decalcification by its lesser opacity than the normal. As the acute phase passes, the line of demarcation may be removed and the two segments may blend or a further recurrence may occur and the Paget thrust be extended to involve a further segment or the remainder of the bone. This characteristic V-shaped demarcation between the normal and Paget bone is to be seen in no other condition. Obviously it could not be present in a condition which is generalized, yet the literature contains illustrations showing this characteristic feature of Paget's disease labelled Fluorosis. Speder (1936) used such an illustration a'nd labelled it "Fluorosis".
Paget's disease may remain limited to the one bone when its contrast expansion will be obvious without causing any recognizable change in the joint surfaces. One vertebra may be involved with one or both of its associated ribs but the adjacent vertebrv and ribs may be unaffected. This series of changes is characteristic of Paget's disease. It is not seen in hyperparathyroidism or any other condition which might be thought to resemble Paget's disease.
In renal osteodystrophy the bones of the hands show absence of compact tissue. The cancellous structure is regular but of a coarser pattern than normal, and because of the stunted growth and plasticity the shape of the bones does not show the exquisite form of the normal. The bones of the spine and pelvis being plastic show the deformities of stress and strain. If the disease is a continuation from adolescence plasticity rather than fragility is the essential feature, but if the condition has developed in adult life there may be deformity associated with multiple incomplete fractures. The skull shows changes which are probably associated with hyperactivity of the parathyroids (for these are all found to be hypertrophic) but it is a coarser change than that seen in hyperparathyroidism due to tumour. The detail of the diploic structure is obliterated in a general osteoporosis which appears to have begun in multiple miliary foci which in manv areas have coalesced to form fairly well-defined rounded decalcified patches. These are separated from similar lesions by denser structureless bone. There is little or no marked increase in the thickness of the skull and none of the cotton-wool-pledget effect. It will be seen therefore that the resemblance to Paget's disease is very superficial and unlikely to confuse the experienced observer, particularly when in possession of the age and clinical history of the patient.
In idiopathic steatorrhcea the bones show general decalcification and absence of compact tissue. The bones of the hands may have the external form of the normal but their cancellous structure, though regular, appears to be of coarser mesh. The bones of the pelvis and spine show these characters well. Plasticity ofthe bone is a feature: bending, moulding and pressure deformities, and, in some cases, incomplete fractures, particularly of the pelvis and bones of the lower extremities, will be seen. Neurofibromatosis (von Recklinghausen): Associated with the multiple skin lesions of neurofibromatosis, multiple neurofibromata may be found in the skeleton. In the skull and spine there may be large or small areas of destruction of bone, sometimes associated with diffuse osteoporosis and reactive thickening of adjacent bone: and the skull may acquire the thickness of one inch as I have illustrated (Brailsford, 1948a) . In many sites the bones may be scalloped to form beds in which the tumours lie. I have also recorded that diffuse osteoporosis of the whole skeleton with multiple incomplete fractures may be found, and appearances in the cretinoid form of the hands indicating that the changes are of many years' duration, probably associated with severe metabolic disturbances rather than infiltration with tumour cells.
There are a number of conditions in the adult skeleton which are associated with osteoporosis; often revealed by radiography which is being used to ascertain the cause of pain in the back or lower extremities. Compression fractures of one or more vertebral bodies, usually in the mid-dorsal or dorso-lumbar areas, are found. Usually these have been produced without any definite trauma: the pain may have come on suddenly when the patient was bending to pick up an object of no great weight; in other cases a more definite strain has been imposed at the time. The discs are expanded and the osteoporosed bodies are compressed to accommodate them. Radiographs of the hand may show a degree of general osteoporosis of no characteristic pattern. In many of these cases the underlying cause cannot be found and they are referred to under the term senile osteoporosis; in others, disturbances of the gastro-intestinal tract, diffuse myelomatosis, carcinomatosis, hyperthyroidism, pituitary or adrenal tumours or even syphilis may be found to be the cause.
Myelomatosis may occur subsequent to the development -of a localized myeloma, but more often the disease is revealed in radiographs by multiple, small, well-defined, circumscribed areas of cancellous structure up to the size of a pea. These may be scattered about in the expanded ends of the main bones of the extremities, and in the pelvis, ribs and skull. Near the termination of the illness these foci may be almost contiguous. In the shafts of the long bones the cancellous tissue may be destroyed, the medulla expanded and the inner border of the compact cortex may show much crescentic scalloping of the size indicated above. In some of these lesions the peripheral border of the cortex may be pushed out beyond the line of the shaft. In those cases of diffuse myelomatosis the diagnosis may depend entirely upon the finding of Bence-Jones proteose and the recognition of the typical cells in the tissue removed by sternal puncture.
Carcinomatosis producing generalized osteoporosis of the skeleton is relatively rarely diagnosed at the stage when investigations are being made, though it is not so rare as a terminal observation. More commonly the disease is shown only in the pelvis, spine, ribs and proximal bones of the extremities and in these there may be irregular distribution. Even when the disease can be recognized radiographically as generalized in the trunkl and proximal extremities, the bones of the hands may show only generalized osteoporosis. In a few cases only a single metastasis in one of the bones has been found and that in one of the bones of the hand-this may be the first indication of malignant disease. A radiograph of the chest may show the primary to be an epithelioma. Other lesions of the skeleton may be revealed after a variable period.
In leukiemia and in certain malignant tumours we may see a generalized osteoporosis of the skeleton with periosteal accretions along the shafts of most of the long bones simulating hypertrophic pulmonary osteoarthropathy; in other cases only localized sites of periosteal reaction are shown, with perhaps some disintegration of the underlying bone. In hypertrophic pulmonary osteoarthropathy due to abscess or neoplasm of the lung, regular periosteal accretions may be found enveloping all the long bones except the terminal phalanges, which though associated with marked clubbing of the fingers often show no change.
The possibility that the generalized osteoporosis associated with one or more spontaneous fractures is due to syphilis must not be overlooked. Radiographs of the skeleton in syphilis may show generalized blurring of the detail of all bones; the details of the diploe and the cancellous structure of the bones may be completely obliterated. Considerable absorption of the bone may occur at fracture sites, and this may not show any regeneration though the other bones respond well to appropriate medication. Generalized granuloma due to lipoid and other abnormal cell metabolism may produce somewhat similar changes as I have described (Brailsford, 1948a) . Certain cases of osteogenesis imperfecta live to old age and they may show evidence of multiple fractures; in some cases which I have seen, fractures have remained ununited for fifty or more years. The distinctive radiographic features I have recorded (Brailsford, 1948b) . Fractures and compression of multiple vertebral bodies, pressure deformities, particularly of the pelvis and lower extremities, and a skeleton lacking in normal structure and density are usually found in any extensive examination; but the clinical history usually provides the key to the diagnosis. The occurrence of extensive subperiosteal hematoma as a complication of osteogenesis imperfecta must not be overlooked, for such have been mistaken for sarcomata. The generalized osteoporosis which is associated with hyperthyroidism need only be mentioned for the symptoms of the latter dominate the picture. Osteoplasticity
There are a number of terms which indicate a diminished density of the bone, but few which denote an increased density. The terms osteosclerosis and osteopetrosis suggest a bone of stony hardness, but many of the bones to which they are applied have little more than the hardness of chalk. Because such bone often shows a greater degree of 7Proceedtngs of the Royal Society of Medictne moulding than the normal and for the want of a better term, I have used the term osteoplastic. Generalized osteoplastic change throughout the entire adult skeleton recognizable by radiography, is rare. From time to time one sees a case of Albers-Schonberg's disease in an adult. Such cases are recognized from radiographs taken in the course of investigation of fractures or other conditions. Though the condition may not be recognized until middle or late life it has been present since infancy and would have been detected at an earlier age if radiographs had been taken. In some cases the condition can be recognized in the foetus in utero, in others the dystrophic bone commences to be laid down in infancy. As with other general dysplasias and dystrophies of the skeleton it may be so severe as to affect the feetal skeleton seriously and be incompatible with survival; such cases can be detected by radiographs of the pregnant woman. In other cases severity permits of life for a variable periodeven to old age-and the dystrophic bone maintains its characters. In the severe degrees of the dystrophy, the dystrophic bone laid down is expanded beyond the normal, giving the long bones club-shaped extremities and the vertebral bodies an expanded denser superior and inferior third. All detail of the structure of the skull may be obliterated so that the radiographs suggest an earthenware skull. In the lesser degrees, and it is these which are discovered accidentally only by radiography, some of the bones may show little departure from the normal shape, though they show little true compact bone and bands of dense bone running parallel to the growth cartilage with little or no evidence of a medulla. Such bones fracture like chalk-the fibrous element being apparently deficient. The nature of the condition may be brought to light because of such a fracture or because of a progressive anaemia or cranial nerve involvement. The radiographic features are distinctive but apparently not generally understood for when Flemming M0ller (1934) published his account of the appearances of the bones in fluorosis a number of papers followed on the subject in which the authors used illustrations of such conditions as Paget's disease and carcinomatosis, and some authors went to the length of stating that Albers-Schonberg's disease was not a rare condition but one which could be produced at will by the ingestion of fluoride.
Flemming Moller showed that the workers in cryolite develop after ten or more years an increased density of the bones-the trabecule appeared to grow thicker with the deposition of denser material until all their cancellous spaces were obliterated. There was no change in the form of the bones to indicate abnormal osteogenesis or plasticity. Associated with this there was ossification of the tendinous insertions and interosseous fascia. The morbidity and mortality of these affected workers showed little difference from the normal population of Copenhagen (Roholm, 1937) . The teeth showed irregularity in opacity and structure; whitish patches were readily detected on examining them.
Paget's disease in the osteoplastic form is never seen throughout the entire skeleton. One side or both sides of the pelvis, one or more vertebra, perhaps one or more ribs, a part or the whole of the skull, sometimes without changes in the mandible, one or more of the long bones or bones of the hand or foot may show uniform density, all the other bones having a completely normal appearance. Some of the bones may present the appearances described under osteoporosis. Abnormal fragility of the bone which shows the transverse fracture of a stick of chalk may be revealed and this may be followed by the V-shaped extension and osteoporosis. The Paget bone in spite of its density is of increased plasticity; bending and pressure deformities are produced; best seen in the pelvis and the long bones of the lower extremities because the disease at this stage is compatible with normal life.
In the polycythemias, animias and leukemias of long duration, the bones acquire the so-called osteomyelosclerosis. They become unduly hard and heavy. The cancellous trabecule are thickened and the interstices filled in with bone. The change in density is not associated with any change in nature or form, i.e. there is no indication of undue plasticity, so that unless of a severe degree, as in the case recorded by Landoff (1944) it may pass unnoticed by the inexperienced observer. It is best seen in radiographs of the pelvis. The changes are uniform throughout the bones, and distinct from fluorosis, there is no concomitant ossification in the tendinous insertions. Carcinomatosis producing increased density of the affected bones of the skeleton may be seen following carcinoma of the prostate, cesophagus, stomach, &c. These changes are apt to be described erroneously as indicating Paget's disease but they are usually distinctive. In the early stage of development multiple rounded areas of increased density, not very clearly defined, will be seen in the affected bones. These expand and gradually coalesce. The whole pelvis, spine and ribs may show this density with obliteration of all normal cancellous detail, but the skull and limb bones may show at this stage only an indication of osteoporosis. This is distinct from Paget's disease in which you may get the pelvis and the whole spine showing the characteristic change but none of the ribs or just isolated ones, and only one or more isolated limb bones may be changed from the normal; further, Paget's disease is a slowly progressive condition in a patient with little constitutional disturbance, associated with the deformities due to pressure on plastic bone, whereas the dense bones in carcinomatosis do not usually show pressure deformities for they are associated with a very sick patient 742 and one or more of the bones may show localized surface destruction or even fine spicular formation.
(The radiographs used to illustrate this paper are to be found in Brailsford, 1948a.) till the fragility of the bones disappears. Occasionally recovery may take place even after adult life is reached. A rather severe pre-natal case never walked till 12 years of age, and was laid up with many more fractures later. There was an element of softening of the bones or mollities present, in addition to the fragility. At 20 there was still considerable generalized osteoporosis and an incomplete fracture of one femur. This young woman, although a deformed dwarf of 31, is able to get about and has worked as a secretary in a London office for some years. One brother, in a family of four, was also affected: he died at 17, never having walked.
There is a rare and little-known complication of osteogenesis imperfecta which may occur in the adult. It is not only of considerable interest but is important from the diagnostic point of view.
A boy aged 14 in 1937 had had multiple fractures early in life but none for the preceding six years. When 7 the right thigh had been contused, and at 8 thickening of the thigh was noticed. Amputation of the leg had been seriously considered. Radiographs taken in 1937 showed a large amount of open mesh bone surrounding the lower two-thirds of the femur. Now at 24 recent films show the additional bone still present. At 14 there were signs of a fracture of the shaft of the left femur, united with no excess of callus. Ten years later he suddenly complained of pain and swelling of his left thigh. A radiograph five weeks later showed a shadow measuring at least five inches across in the film, and its shape and texture suggested the possible presence of a sarcomatous growth. Fortunately we have experience of other cases that have developed similar masses of hyperplastic callus.
Dr. Brailsford, in a paper on osteogenesis imperfecta (1943) referred to four cases complicated by what he took to be subperiosteal haemorrhages, and he suggested an element of scurvy to account for these. His cases include the one now referred to, copies of the early records and films having been also sent to me by Dr. W. Mackenzie, to whom I am indebted for the recent history and further radiographs.
In 1946 Professor S. L. Baker published a paper on "Hyperplastic callus simulating sarcoma in two cases of fragilitas ossium". We now have records of six other cases (Fairbank and Baker, 1948) . Most, but not all, of the eight cases have a background of osteogenesis imperfecta.
The femur is the bone most frequently affected. The hyperplastic callus, with or without a provocative fracture, may, as in this case, extend the whole length of the shaft of the bone. Sometimes the early callus is excessively dense and structureless. Another feature of these cases is the presence of multiple bony excrescences on the shafts of the long bones, particularly along the interosseous borders of the bones of the forearm and leg. Professor Baker has informed me that one of his cases in which, as a result of fractures four years ago, both femora were surrounded throughout their entire length by enormous masses of callus, has also recently flared: at the age of 19 he has developed, quite spontaneously on this occasion, great swelling of one thigh and a new mass of callus. For various reasons we cannot agree with the suggestion of scurvy: histological examination of biopsy specimens in Baker's two cases revealed no sign of old hemorrhage. Sections showed infiltration of the muscles by cedema and chondroid tissue, while in the deeper layers of the mass there was calcified cartilage and woven bone. Similar histological features were found by Professor Baker after a recent biopsy in Dr. Mackenzie's case. The callus in this case increased still further in thickness and extended the full length of the bone, but now the swelling has begun to subside. It seems highly probable this femur also will remain permanently enlarged. But for the curious behaviour of his two femora, this case seemed to have recovered from his generalized osseous dysplasia.
X-ray films were then shown of an old lady of 73 suffering from osteopetrosis or "marble bones". On admission to hospital (under Dr. Wallace J. Gill) with a minor head injury, the extreme density of the bones and an old fracture of one femoral neck were discovered. Though the generalized osteopetrosis was very severe, there was no anemia, and no optic neuritis. Spleen not palpable. The bones of the hands, as usual, showed much less density than the rest of the skeleton. She died at 75. A cross section of the femoral shaft was solid, the medullary cavity having completely disappeared. Microscopic section (Professor W. G. Barnard) showed multiple spherical foci of ossification.
Another similar case died at the age of 63. In contrast to these, the X-ray film of the hands of another woman, a very mild case of osteopetrosis, shows faint dense transverse bands in the phalanges, and a dense band at the lower end of the femur, the only other part radiographed. There seemed no reason to doubt the diagnosis, since this woman 's daughter, aged 6, was unquestionably suffering from osteopetrosis of moderate severity.
Osteopoikilosis or osteopgthia condensans disseminata has been seen at all ages from foetal life to over 60 years, and is always discovered by chance, since it produces no symptoms. The dense spots consist of closely packed trabecule. The appearance of the pelvis with many dense spots, in a man of 24, may be compared with Paget's disease, in which there may be some mottling, but the dense spots are not nearly as discrete as in osteopoikilosis and are mixed with streaks or striations and clear areas, while the surface of the bone is distorted. The skull bones, so commonly showing gross mottling and thickening in Paget's disease, are amorig the limited number of bones not affected in osteopoikilosis.
Dense mottling of the pelvis may be caused also by metastatic growth from carcinoma of the prostate.
Paget's disease may affect so many bones that it becomes practically generalized. Hypertrophic osteoarthropathy has resulted from a large number of different affections: it is not always remembered that it may result from an osteogenic sarcoma and this before there is evidence of pulmonary metastases.
A young woman of 19 had had a leg amputated three years before for a spindle-celled sarcoma, with much calcification in it, growing from the tibia. Well-marked signs of generalized osteoarthropathy and clubbing of the fingers. Large secondary retroperitoneal growth but no signs, clinical or radiograpbic, of metastases in the chest. Subperiosteal shadows were seen on the shafts of all the long bones. Two months later she died and at autopsy secondary growths were found in the lungs. Another similar case, a young man with an osteogenic sarcoma of the lower end of the radius, was treated by amputation. In the following nine months before he died he developed well-marked changes typical of osteoarthropathy.
Endocrine errors.-Most of the epiphyses were still ununited in one case (radiographs shown)-that of an intelligent perfectly proportioned dwarf of 46. His height was 4 feet; his voice high-pitched. The condition was regarded as due to hypopituitarism as the radiographs of the skull show a calcified cyst of the pituitary with enlargement of the pituitary fossa. (By courtesy of Mr. St. J. D. Buxton.)
With regard to thyrotoxic osteoporosis I can remember seeing only one case in which the osteoporosis was severe enough to result in more or less spontaneous fractures.
In senile osteoporosis the spine seems to suffer much more than the rest of the skeleton. Multiple collapse or crushes of the vertebral bodies are, of course, common. After a period of recumbency, preferably in a plaster shell when the pain is sufficiently severe, one likes to make use of some form of spinal jacket or brace. My experience, however, has been that many of these old ladies refuse to put up with a brace and prefer to suffer a certain amount of discomfort. In many such cases the ordering of a brace means wasting their money. I would like to refer briefly to:
One case with multiple pseudo-fractures (Milkman's syndrome) since the sex of the patient is unusual. A man of 34, a miner, had broken his right leg (tibia and fibula) five years before. Union did not take place and a bone-grafting operation was necessary. He had not walked for the past four years. A year ago his neck had been exDlored but no parathyroid tumour was found. Biochemical investigations revealed nothing abnormal. Radiographic examination showed many typical pseudofractures and some general osteoporosis but the latter was not very marked.
Was the condition of this man simply due to prolonged inactivity ? Owing to the war the later history of the case is unknown.
Lastly a point mentioned by Snapper (1943) is worthy of attention.
When multiple cyst-like lesions are present in the bones and the diagnosis of xanthomatosis versus fibrocystic changes is under consideration, he strongly advises the selection of a small young lesion for biopsy. He points out the typical cells of xanthoma are associated with a good deal of fibrosis in the lipoid granulomatous tissue, and in an old lesion the xanthoma cells may have disappeared completely, leaving nothing but fibrous tissue. This he maintains has often led to an erroneous diagnosis.
